Nitrifying bacteria were detected in 64% of samples collected from five chloraminated water supplies in South Australia and in 20.7% of samples that contained more than 5.0 mg of monochloramine per liter. Laboratory experiments confirmed that nitrifying bacteria are relatively resistant to the disinfectant. Increased numbers of the bacteria were associated with accelerated decays of monochloramine within distribution systems. The combination of increased concentrations of oxidized nitrogen with decreased total chlorine residuals can be used as a rapid indicator of bacterial nitrification.
The growth of nitrifying bacteria has been identified as a potential problem in chloraminated water supplies (13, 14) . These bacteria derive energy by the oxidation of ammonia to nitrite or of nitrite to nitrate (11) . The oxidation of ammonia can be undertaken by several genera, including Nitrosomonas, Nitrosolobus, Nitrosococcus, Nitrosovibrio, and Nitrosospira, while oxidation of nitrite in water is undertaken predominantly by members of the genera Nitrobacter and Nitrococcus.
Bacterial nitrification can lead to rapid decays of chloramines, but the mechanism by which this occurs has not been established (14) . It has been suggested that the production of nitrite could accelerate chloramine decay, particularly in the presence of bromide (9) , or that ammonia oxidation could shift the equilibrium of monochloramine formation so that as free ammonia is metabolized, monochloramine is hydrolyzed (14) .
In South Australia water supplies, bacterial nitrification has been associated with accelerated decays of chloramines, which have led to losses of disinfectant from sections of water distribution systems. Once established, large populations of nitrifying bacteria appear to act as barriers to the redistribution of chloramines throughout affected systems.
The purposes of this investigation were to examine (i) the distribution of nitrifying bacteria in South Australia water supplies, (ii) the sensitivity of the bacteria to disinfection by monochloramine, and (iii) any association between numbers of nitrifying bacteria and other selected parameters, including temperature, standard plate counts, oxidized nitrogen (nitrate plus nitrite), and total chlorine. The aim of the latter purpose was to identify early indicators of the proliferation of the bacteria, since the direct method most commonly used to enumerate nitrifying bacteria is relatively inefficient and takes at least 3 to 4 weeks to provide a result (2, 8) .
Samples were collected from five distribution systems by standard procedures (16) . The systems supply chloraminated water to predominantly rural areas; two distribute filtered water, and three distribute unfiltered water. The major pipelines incorporated in the systems range from about 40 to 370 km in length. Oxidized nitrogen concentrations were determined by an automated cadmium reduction method (1) with a SKALAR automatic flow analyzer (sans plus system). Total chlorine and monochloramine residuals were determined by titration with ferrous ammonium sulfate with N,N-diethyl-p-phenylenediamine as a colorimetric indicator (1).
Nitrifying bacteria were enumerated by using a modification of the most-probable-number procedure described by Wolfe et al. (13) and incorporating the medium of Skinner and Walker (8) . Up to four sets of five tubes each were used, and these were inoculated with 1-, 0.1-, 0.01-, and 0.001-ml volumes of the sample to be tested. The 1-ml volumes were inoculated into 9 ml of medium, while the smaller volumes were inoculated into 1 ml of medium. Where required, dilutions were prepared in the growth medium. After inoculation, tubes were incubated in the dark for 28 days at 30°C. A 10-ml volume of sample was frozen and stored. After incubation, the tubes were examined for change of color from red to yellow; when color changes were observed in any tube, all tubes in that set were then examined for the production of nitrite by mixing 5 drops from the mostprobable-number tube with 1 drop each of sulfanilic acid solution (0.8 g of sulfanilic acid in 100 ml of 5 M acetic acid) and N,N-dimethyl-naphthylamine solution (1.2 ml of N,Ndimethyl-naphthylamine in 100 ml of 5 M acetic acid). Production Table 2 .
The sensitivities of natural populations of nitrifying bacteria to inactivation by monochloramine were measured in laboratory experiments. Experiments were performed at 30°C and pH 8.0. These conditions were chosen to be consistent with optimal growth requirements for nitrifying bacteria (11) and with those found in local chloraminated (10) in which k = Cn * t, where k is a constant, C is the concentration of disinfectant, t is the time taken to inactivate 99% (in this case) of the original inoculum, and n (the slope of the line) is the coefficient of dilution. The concentrations of disinfectant expressed in Fig. 1 (6, 15) .
The slope of the line (n) in Fig. 1 is 1 .85, which exceeds the ideal n value of 1 (7, 12) and means that the C. tgg product is not constant. It also suggests that the concentration of disinfectant is more important than time for the inactivation of nitrifying bacteria (7) .
The relative resistance to monochloramine does not fully (4) . If the ba in biofilms, then the organisms detected from sa taining high total chlorine residuals may have bee shortly before or during sampling. The frequent e nitrifying bacteria at the ends of distribution sys be due to a combination of decreased water fl4 would favor the formation of biofilms, and lower residuals.
In South Australia water supplies, most probl( ated with nitrifying bacteria have occurred at I distribution systems. Typical results are showr Water samples were collected every week from Edithburgh, which is located near the end of th nated Yorke Peninsula system, and analyzed f nitrogen, nitrate, nitrite, total chlorine, and nitrii ria. In 1989 and 1990 there were two period chloramine decay within the Yorke Peninsula system accelerated to the point that the tot residual at Edithburgh decreased from 1.5 to 2.5 <0.1 mg/liter (Fig. 2) . On both occasions th associated increase in bacterial nitrification. The nitrifying bacteria and concentrations of oxidize nitrite, and nitrate all increased (Fig. 2) 
